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Abstract. These proceedings present an overview of the recent results
on light flavor by the STAR experiment at RHIC.
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1 Introduction
Relativistic heavy-ion collisions are unique tools to study the properties of the
quark-gluon plasma (QGP) in quantum chromodynamics (QCD) [1]. One im-
portant goal of the heavy-ion program in RHIC-STAR is to explore the QCD
phase diagram [1,2]. At the RHIC top energy data were collected with different
species from small to large collision systems, allowing studies of the high tem-
perature QCD medium to extract quantitative information on the QGP. The
Beam Energy Scan (BES) program with the collision energies from 7.7 to 64.2
GeV extended the studies to lower temperature and higher baryon densities on
the QCD phase diagram. The main goal is to search for the turn-off of QGP sig-
natures and signals of the first-order phase transition and the critical point [2].
To further extend the coverage on the QCD phase diagram, the fixed-target pro-
gram (FXT) is exploited to reach the higher baryon densities with the baryon
chemical potential in the range of µB ≈ 420-720 MeV.
Starting 2010 STAR has accumulated large volume data from 200 GeV down
to 7.7 GeV. A rich body of results were produced pertinent to the properties
of the QCD matter. In these proceedings, we highlight selected STAR results
on light flavor measurements that were presented in the ”Strangeness in Quark
Matter” 2019 conference. More details can be found in STAR related proceedings
in Ref [3,4,5].
2 Initial conditions
The measurement of longitudinal decorrelation of anisotropic flow can help pro-
vide a 3D image of the QGP evolution [6]. Using the newly installed Forward
Meason Spectrometer (FMS), STAR has measured longitudinal flow decorrela-
tions in 200 GeV Au+Au collisions (Fig. 1). Such measurements as a function of
the normalized rapidity, indicate a strong decrease with respect to LHC [7,8,9].
These results provide new constraints on both the initial-state geometry fluctu-
ations and final-state dynamics of heavy-ion collisions.
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Fig. 1. Decorrelation parameters, r2 (left), and, r3 (right), as a function of the nor-
malized rapidity in 5-10% Au+Au collisions [7] and Pb+Pb collisions [8,9].
The measurement of the elliptic anisotropy (v2) in small systems can further
improve our understanding of the importance of the initial geometry. Figure 2
shows the V2,2 obtained by difference methods in p+Au and d+Au collisions [10].
The results for different energies show a common trend with the charged particle
multiplicity, which provide important insights on the nature of collectivity in
small systems.
Fig. 2. Integral V2,2 as function of multiplicity in p+Au and d+Au collisions [10].
3 Phase transition and critical point
The higher-order fluctuation observables or the higher moments of conserved
quantities, can be directly connected to the corresponding thermodynamic sus-
ceptibilities. It is a sensitive tool to study the criticality on the QCD phase
diagram as well as to determine the freeze-out parameters [11,12]. Figure 3 (left)
shows the new measurements of the net-proton cumulants in Au+Au collisions
at 54.4 GeV [3]. The data are compared to the results from other energies and
a good agreement is found. A non-monotonic behavior as a function of the colli-
sion energy is observed. Figure 3 (right) shows the 6th- to 2nd-order cumulant of
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the net-proton multiplicity distributions [3]. The C6/C2 for central Au+Au col-
lisions at 54.4 GeV is positive while that for 200 GeV is negative, although with
large uncertainties. The results are in agreement with the theoretical expecta-
tion of a smooth crossover phase transition [13,14]. STAR also measured net-Λ
cumulants, which provide insights on the flavor dependence of the freeze-out
parameters [4,15].
Fig. 3. Energy dependence of the net-proton moments products, kσ2 (left), and the 6th-
to 2nd-order cumulant ratio, C6/C2 (right), in 54.4 and 200 GeV Au+Au collisions [3].
Production of light nuclei with small binding energies, such as the triton
(∼8.48 MeV) and the deuteron (∼2.2 MeV), formed via final-state coalescence,
are sensitive to the local nucleon density [16]. The production of these nuclei can
therefore be used to extract information of nucleon distributions at freeze-out,
which could be associated with the QCD phase transition [17]. Figure 4 (left)
shows that the coalescence parameter, B2, first decreases and then increase with
collision energy [18]. The extracted neutron density fluctuations [19], ∆n, also
show a non-monotonic behavior with collision energy (right panel of Fig. 4) [20].
One of the important QGP signatures is the nuclear modification factor,
RCP , being significantly smaller than unity at high energies. The strange hadron
measurements from BES-I by STAR [21] show no suppression of theK0s Rcp up to
pT= 3.5 GeV/c . The particle type dependence of RCP is found to be smaller at√
sNN ≤ 11.5 GeV (Fig. 5). These measurements point to the beam energy region
below 19.6 GeV for further investigation of the deconfinement phase transition.
4 Hypertriton
The measurement of hypertriton can provide insight on hyperon-nucleon interac-
tions [22,23]. The heavy-flavor tracker (HFT) significantly improved the signal-
to-background ratio of hypertriton, thus allowing more precise determinations
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Fig. 4. Energy dependence of the coalescence parameter, B2 (left), and the neutron
density fluctuation, ∆n (right), from Au+Au collisions at RHIC [18,20].
Fig. 5. Rcp of the K
0
s , Λ,Ξ, φ,Ω in Au+Au collisions at
√
sNN = 7.7 - 39 GeV [21].
of the hypertriton binding energy and mass difference between hypertriton and
antihypertriton. The STAR data [24] provide the first test of the CPT symme-
try in the light hypernuclei sector. No deviation from the exact symmetry is
observed.
5 Medium effects and dynamics
Lifetimes of long-lived resonances are comparable to the typical lifetime of the
QGP fireball created in heavy-ion collisions. Resonances can thus be used to
study the properties and evolution of the hot and dense QGP medium. The
K∗0 and φ mesons have different hadronic cross sections and lifetimes. The
comparison of φ/K− and K∗0/K− ratios in Fig. 6 indicate strong medium effects
at RHIC and LHC [5,25].
Dileptons are penetrating probe to heavy-ion collisions [26]. Recent measure-
ments show a strong enhancement in the very low pT region. The results point
to additional physics contributions, for example contributions from photon in-
teractions in the magnetic field trapped in the QGP [27].
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Fig. 6. K∗0 and φ to K− ratios as function of multiplicity from RHIC (left) [5] and
LHC (right) [25].
6 Chirality, vorticity and polarization effects
Due to spin-orbit coupling, particles produced in non-central heavy-ion collisions
possess large orbital angular momentum and can be globally polarized along the
angular momentum direction [28]. This effect was demonstrated by the global
Λ polarization measurement from STAR (left panel of Fig. 7) [29]. The data
also hint a systematic splitting between Λ and Λ¯, an effect expected from the
initial magnetic field. Recently, STAR reported a first observation of the Λ local
polarization with a quadrupole structure (right panel of Fig. 7), which could be
related to the elliptic flow [30].
An electric charge separation can be induced by chirality imbalance along the
strong magnetic field and is predicted to occur in relativistic heavy-ion collisions
because of topological charge fluctuations and the approximate chiral symmetry
restoration in QCD. This effect is called the Chiral Magnetic Effect (CME) [31].
Since the first measurement of the ∆γ correlator in 2009 [32], there have been
extensive developments to reduce or eliminate the backgrounds [31]. Figure 8
(left) shows the results obtained using the invariant mass method, one of the
recently developed method [33]. The extracted potential CME signal relative to
the inclusive ∆γ in 200 GeV Au+Au collisions with two novel methods [34,35]
are summarized in the right panel of Fig. 8. These data-driven estimates indicate
that the possible CME signal is small, within 1-2 σ from zero [33].
7 Summary
The recent results on light flavor from the STAR experiment are overviewed. The
longitudinal flow decorrelation was measured in heavy-ion data and compared
to LHC data. The elliptic anisotropy is measured p+Au and d+Au collisions.
These measurements will further our understanding of the importance of the
initial geometry to the system evolution. The net-proton (net-Λ) cumulants, the
light nuclei coalescence parameter and neutron density fluctuation are reported.
All these results seem to show non-monotonic behavior with collision energy and
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FIG. 2. (Color online) ⟨cos θ∗p⟩ of Λ and Λ¯ hyperons as a func-
tion of azimuthal angle φ relative to the second-order event
plane Ψ2 for 20%-60% centrality bin in Au+Au collisions at√
sNN = 200 GeV. Open boxes show the systematic uncer-
tainties and ⟨⟩sub denotes the subtraction of the acceptance
effect (see text). Solid lines show the fit with the sine function
shown inside the figure. Note that the data are not corrected
for the event plane resolution.
and 0.5 < η < 1) for Ψ2 determination (< 11%), and
estimates of the possible background contribution to the
signal (4.3%). The numbers are for mid-central colli-
sions. Also the uncertainty from the decay parameter is
accounted for (2% for Λ and 9.6% for Λ¯, see Ref. [11] for
the detail). We further studied the effect of a possible
self-correlation between the particles used for the Λ (Λ¯)
r construction and the event plane by explicitly removing
the daughter particles from the event plane calculation
in Eq. (2). There was no significant difference between
the results. The Λ and Λ¯ reconstruction efficiencies were
estimated using GEANT [28] simulations of the STAR
detector [19]. The correction is found to lower mean val-
ues of the Pz sine coefficient by ∼10% in peripheral col-
lisions and increases up to ∼50% in central collisions,
although the variations are within statistical uncertain-
ties. No significant difference was observed between Λ
and Λ¯ as expected. Therefore, results from both samples
were combined to reduce statistical uncertainties.
Figure 3 presents the centrality dependence of the sec-
ond Fourier sine coefficient ⟨Pz sin(2φ − 2Ψ2)⟩. The in-
crease of the signal with decreasing centrality is likely
due to increasing elliptic flow contributions in peripheral
collisions. We note that, unlike elliptic flow, the polariza-
tion does disappear in the most central collisions, where
the elliptic flow is still significant due to initial density
fluctuations. Because of large uncertainties in periph-
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FIG. 3. (Color online) The second Fourier sine coefficient
of the polarization of Λ and Λ¯ along the beam direction as
a function of the collision centrality in Au+Au collisions at√
sNN = 200 GeV. Open boxes show the systematic uncer-
tainties. Dotted line shows the AMPT calculation [27] scaled
by 0.2 (no pT selection). Solid and dot-dashed lines with the
bands show the blast-wave (BW) model calculation for pT = 1
GeV/c with Λ mass (see text for details).
eral collisions, it is not clear whether the signal continues
to increase or levels off. The results are compared to a
multiphase transport (AMPT) model [27] as shown with
the dotted line. The AMPT model predicts the opposite
phase of the modulations and overestimates the magni-
tude. The blast-wave model study is discussed later.
Since the elliptic flow also depends on pT as well as on
the centrality, the polarization may have pT dependence.
Figure 4 shows the sine coefficients of Pz as a function
of the hyperon transverse momentum. No significant pT
dependence is observed for pT > 1 GeV/c, and the statis-
tical precision of the single data point for pT < 1 GeV/c
is not enough to allow for definitive conclusions about the
low pT dependence. In the hydrodynamic model calcula-
tion [14], the sine coefficient of Pz increases in magnitude
with pT but shows the opposite sign to the data.
As shown in Figs. 3 and 4, the hydrodynamic and
AMPT models predict the opposite sign in the sine co-
efficient of the polarization and their magnitudes differ
from the data roughly by a factor of 5. The reason of
this sign difference is under discussion in the community.
However, the sign change may be due to the relation
between azimuthal anisotropy and spatial anisotropy at
freeze-out [13]. There could be contributions from the
kinematic vorticity originating from the elliptic flow as
well as from the temporal gradient of temperatures at
the time of hadronization [14]. A recent calculation us-
Fig. 7. (Left) Energy dependence of he global polarization of Λ a d Λ¯ in Au+Au
collisions [29]. (Right) local polarization of Λ and Λ¯ as a function of azimuthal angle [30].
Fig. 8. (Left) ∆γ correlator as function of invariant [33]. (Right) relative contribution
from possible CME signal to the measured ∆γ [33,34,35].
may bear important implications to phase transitions and the possible critical
point. The strange hadron production is fou d to be no s p ressed at
√
sNN
≤ 11.5 GeV, calling for further studies at low energies. The measured ratios
of resonance yields to K− indicate strong medium effe ts. Str ng enhancem nt
is observed in the very low pT dielectron yield, which may be due to photon
interactions. Hypertriton measurements are reported, which present the first test
of the CPT symmetry in the light hypernuclei sector. The Λ local polarization
with a quadrupole structure is observed for the first time, which needs further
theoretical undertanding. Two novel data-driven methods are used to search for
the CME signal. The present estimates indicate that the possible CME signal is
small, within 1-2 σ from zero.
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